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Seasonal components of white-tailed deer (Odocoileus virqinianus) 
habitat were determined in northwestern Montana. Sixteen radio­
collared adult female deer were located throughout the summers and 
winters of 1986 and 1987. Sixteen deer summer ranges and 15 winter
ranges were delineated. Summer home ranges were estimated by the 
minimum convex polygon method. Winter ranges were estimated using radio 
locations, and personal knowledge of the habitat and the animals 
concerned. Harmonic mean measures were used to delineate core areas 
within summer ranges. Habitat characteristics were determined by 
systematically sampling 208 points on deer summer ranges and 195 points 
on winter ranges. In addition, 208 points were sampled in 16 random 
areas to describe available habitat within the study area.
Discriminant function models for summer habitat selection by deer 
were developed from measured habitat characteristics within deer summer 
ranges and random areas. White-tailed deer summer ranges contained
earlier successional stages, were located nearer to running water, and 
had less Douglas-fir (Pseudotsuqa menziesii) saplings and poles/ha than 
random areas. Deer ranges ware also closer to roads, had gentler 
slopes, less deadfall, greater forb cover, and more hardwood poles/ha. 
The Chi-square goodness-of-fit test and Bonferroni Z confidence 
intervals showed a selection (P < 0.05) for moist habitat types. Deer 
used western aspects less than expected (P < 0.05) based upon
availability. Deer summer ranges had significantly (P < 0.05) more 
edge than random areas. Selected summer habitats of white-tailed deer 
were riparian areas composed of a mosaic of different habitats. Within 
the hone range, discriminant models revealed that core areas had higher 
pole densities/ha, were located farther from trails, had more edge, and 
gentler slopes than non-core areas. Core areas were also closer to 
roads, and had higher densities of lodgepole pine (Pinus contorta)
poles and hardwood saplings. Selected areas within summer home ranges 
had dense hiding cover in association with an edge that was located 
away from trails.
Discriminant function models revealed that white-tailed deer winter 
ranges were located at lower elevations, had more edge, and higher 
forest canopy cover than randan areas. Deer winter ranges also had 
lower pole densities/ha, more Douglas-fir saplings, and more mature
hardwood and spruce (Picea spp.) trees/ha. Deer selected {P < 0.05) 
level/gently rolling terrain in valley bottoms, and used southern and 
western aspects less than expected (P < 0.05) based upon availability. 
Selected winter habitats of white-tailed deer were mature bottomland 
forest communities (P < 0.05) which provided shelter in close proximity 
to small openings.
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THESIS INTRODUCTION
Understanding the specific habitat requirements of 
wildlife species has long been a major goal in wildlife 
management. Sound management depends on biologists' 
understanding of how an animal uses and interacts with the 
various components of its habitat. The habitat 
requirements of white-tailed deer (Odocoileus virqinianus) 
are among the better understood of wild animals. But even 
with the considerable research that has been done on this 
species' habitat requirements, the need for a foundation of 
site-specific information on which to base management 
decisions has become evident with the increasing pressure 
and controversy over uses and values.
The recent appearance of the gray wolf (Canis lupus) 
in northwestern Montana (Ream and Mattson 1982, Ream et al. 
1985), an endangered species in Montana, has created a new 
void in the data required for management decisions. Wolf 
reproduction was documented in this area in 1986, and 1987 
(Ream et al. 1987, U.S. Fish and Wildlife Service 1987).
As wolf recovery occurs, much emphasis on wolf 
management will be directed toward their prey. White­
tailed deer are one of the primary food items of the wolf 
in this area (Ream et al. 1987). Detailed knowledge of 
deer habitat in the area may facilitate management that 
would allow deer populations to support wolf predation and
1
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human harvest.
In addition, a unique opportunity exists to determine 
the role of wolf predation on habitat use by white-tailed 
deer. Previous research has focused on interactions where 
wolves and deer have co-existed for many years (e.g. 
Hoskinson and Mech 1976, Mech 1977, Mech and Karns 1977, 
Nelson 1979, Rogers et al. 1980, Nelson and Mech 1981).
However, in the North Fork of the Flathead River Drainage, 
northwestern Montana, wolves have been absent for 
approximately 50 years.
The purpose of this study was to obtain information on 
current habitat use of an important game and prey species, 
while at the same time gathering the baseline information 
necessary to estimate, at a later date, the impact of 
wolves on deer distribution and habitat use. Specific 
objectives were to: 1) identify the important components
of seasonal white-tailed deer habitat; 2) determine 
seasonal movement patterns of white-tailed deer; 3) obtain 
information on the location of critical habitat areas; and 
4) evaluate possible influences of extensive mountain pine 
beetle (Dendroctonus ponderosae) infestations on deer 
habitat relationships.
White-tailed deer summer and winter habitat use are 
presented as separate chapters in this thesis. Information 
collected during this study not addressed in the two 
chapters has been included in the Appendix.
CHAPTER 1
SUMMER HABITAT USE OF WHITE-TAILED DEER 
IN NORTHWESTERN MONTANA
The white-tailed deer (Qdocoileus virqinianus) is the 
most abundant and widely distributed ungulate in 
northwestern Montana. White-tailed deer in this region 
have not been given much attention because of the wide 
variety of big game species present, most of which require 
more consideration in management, and the white-tailed deer 
has always been relatively abundant {Bailey and Bailey 
1918). Now, however, hunters (Cada 1987) and other outdoor 
recreationists (Langenau et al. 1984) have begun to put
more emphasis on this species.
In addition, the recent appearance of the northern 
Rocky Mountain wolf (Canis lupus) in northwestern Montana 
has created new voids in the information required for 
management decisions. The wolf is classified by the 
Federal ,Government, as well as the State of Montana, as 
endangered in Montana. White-tailed deer are one of the 
primary prey of the wolf in this area (Ream et al. 1987).
Conflicts between wolves and humans in the form of 
competition for a common prey species (white-tailed deer) 
can be anticipated (U.S. Fish and Wildlife Service 1987). 
As wolf recovery continues, much emphasis on wolf 
management will be directed toward their prey base.
3
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Detailed knowledge of deer habitat in the area may 
facilitate management that would allow deer populations to 
support both wolf predation and human harvest.
Research on white-tailed deer has generally emphasized 
the winter periods; requirements and use of summer ranges 
have received much less attention. Studies by Robinette et 
al. (1955) and Julander et al. (1961) on mule deer (0.
hemonius), and by Verme (1968), McCaffrey and Creed (1969), 
Short (1975), and Mautz (1978) on white-tailed deer have
indicated that summer range may be extremely important to
the general welfare of a deer population.
Summer habitat of white-tailed deer has been described 
in northwestern Montana by Leach (1982) and Mundinger 
(1984). Other summer research in Montana has dealt mainly 
with deer in the central and eastern portions of the State 
(e.g. Allen 1968, Martinka 1968, Compton 1988). Owens
(1981) documented determinants of summer habitat use in
northern Idaho. Other workers have determined deer use of 
various forest plant communities during summer in Minnesota 
(Kohn and Mooty 1971), New York (Tierson et al. 1985),
Wisconsin (Larson et al. 1978, Murphy et al. 1985), British 
Columbia (Woods 1984), and New Brunswick (Drolet 1976). 
Few studies have investigated the dynamics of home range 
selection within a geographic area, and none have 
identified habitat composition of core areas within an 
animal's home range.
5
The objective of this study was to determine the 
selection of home ranges and core areas within home ranges 
by white-tailed deer. In understanding predator-prey 
systems, it was important to determine habitat use by deer 
while wolf densities were very low so that later 
investigations could estimate the impact of predation on 
habitat use and selection.
STUDY AREA
2
The study area consisted of 600 km in the North Fork 
of the Flathead River Drainage (North Fork), which included 
the west-central side of Glacier National Park, portions of 
the adjacent Glacier View Ranger District of the Flathead 
National Forest, and Coal Creek State Forest. Lands east 
of the North Fork River lie in Glacier National Park, and 
lands west of the River are a mosaic of Federal and State 
forests and private ownership (Fig. 1.1).
Pleistocene glaciers created a level to gently rolling 
valley, varying from 3-10 km in width, and from 1067-1280 
m in elevation (Ream et al. 1987). Rugged mountains rise 
steeply from the glacial moraine. The Whitefish and 
Livingston mountain ranges define the western and eastern 
limits of the valley. The North Fork Drainage is in an 
area of climatic transition (Delk 1972). To the west, the 
influence of the Pacific Ocean causes wet winters and dry
CYCLONE LAKE
ROGERS 
/ W .  PK
CR£E*
Fig. 1.1. Location of the study area in the North Fork 
of the Flathead River Drainage, northwestern Montana.
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summers. To the east, beyond the Continental Divide, dry 
winters and wet summers prevail. Mean annual temperature 
is 4 C; the July mean is 16 C, and the January mean is -9 C 
(Singer 1979). Precipitation averages 59 cm annually, with 
most occurring as snowfall (Singer 1979). The study area 
is generally snow-covered from mid-November to mid-April.
Several authors have described the vegetation of the
Flathead River Basin (Habeck 1970, Wright et al. 1983,
Jenkins 1985). Dense coniferous forests predominate, with 
lodgepole pine (Pinus contorta) the dominant tree species. 
Many of the older lodgepole stands in the North Fork Valley 
have been under severe attack from the mountain pine beetle 
(Dendroctonus ponderosae), resulting in vast acreages of 
dead timber. Major associates of the upland forest include 
western larch (Larix occidentalis), subalpine fir (Abies 
lasiocarpa), spruce (Picea spp.), and Douglas-fir
(Psuedotsuqa menziesii).
The most common species found in the understory while 
field sampling included thimbleberry (Rubus parviflorus), 
mountain lover (Pachistima myrsinites), menziesia 
(Menziesia ferruqinea), huckleberry (Vaccinium spp.), 
twinflower (Linnaea borealis), beadlilly (Clintonia
uhiflora), broadleaf arnica (Arnica latifolia), bunchberry
(Cornus . canadensis), and false miterwort (Tiafella 
trifoliata).
Spruce, black cottonwood (Populus trichocarpa), willow
8
(Salix spp.)/ alder (Alnus spp.), red-osier dogwood (Cornus 
stolonifera), and wild sarsaparilla (Aralia nudicaulis) 
predominate on floodplains and along stream bottoms. Wet 
meadow communities are scattered on the floodplains of the 
North Fork and its larger tributaries. Vegetation includes 
sedges (Carex spp.), rushes (Juncus spp.), and a variety of 
tall shrubs including willows, alder, and alderleaf 
buckthorn (Rhamnus alnifolia).
METHODS
Trapping
During January and February 1986, 12 adult female
white-tailed deer were trapped and radio-collared in the 
Big Creek area of the Flathead National Forest (Fig. 1.1). 
Four additional adult female white-tailed deer were trapped 
and collared in the Big Creek and Cyclone Lake (Coal Creek 
State Forest) areas (Fig. 1.1) during July and August 1986. 
Single-gate deer traps (Clover 1956) were baited with 
alfalfa hay in winter and with salt in summer.
Deer were manually restrained and fitted with Telonics 
(Mesa, Arizona) 270 g hermetically sealed transmitters in 
the 151.100-151.390 MHz range; Each transmitter was 
equipped with a flexible whip monopole antenna, and mounted 
on 5 cm-wide butyl rubber belting. Collars were color-
9
coded, and a metal ear-tag was placed in each ear.
Thirteen deer with operable transmitters remained in 
the study area over the next 2 years to form the radioed 
sample. One radio transmitter failure was experienced in 
September 1986, and 2 deer died in the winter of 1986-87 of 
unknown causes.
Radio Telemetry
Radio locations were obtained by triangulation of 
signal azimuths from the ground (Tester et al. 1964) and,
when necessary, from a fixed-wing aircraft. I used a
Telonics TR-2 receiver, Telonics RA-2A "H" antenna, muff- 
type headphones, and a Silva ranger compass to determine 
signal directions. Intensive radio tracking was conducted 
from April to September 1986, and April to June 1987.
Locations were normally obtained for each deer every 1-3
days. Deer on summer ranges beyond the area where ground 
tracking could be done had to be located by airplane; 5 
deer in this category were relocated approximately every 10 
days from May through September in 1986 and 1987.
Locations were marked on USGS 7.5 minute topographic 
maps. Precision of radio locations depended on clarity and 
intensity of signals, and my ability to obtain accurate 
readings from several positions around the deer. Accurate 
triangulations were difficult to obtain because the rugged
10
terrain generated considerable signal bounce and impeded 
signal reception. In addition, the lack of an extensive 
road network hindered efforts to obtain signal fixes at 
close range. Telemetry error was estimated by measuring 
the area of the polygon created by the intersection of 3-4 
signal azimuths. These polygons averaged 7.7 ha. The deer 
identification number, date, time, UTM (Universal 
Transverse Mercator) grid coordinates, and precision level 
were recorded for all locations. I defined 5 levels of 
precision: 1, precise locations verified by visual
evidence; 2, small polygons with an area of less than 3 ha; 
3, 3-8 'ha polygons; 4, 9-40 ha polygons; and 5, for general 
locations that fit within a 1-km block.
Description of Deer Ranges and Random Ranges
Deer Summer Ranges. All radio points of collared deer 
with an error less than 40 ha were used to delineate 
summer home ranges for each animal. Home ranges were 
delineated by connecting the outermost points to form a 
convex polygon (Mohr 1947). Sixteen summer ranges were 
delineated.
Random Ranges. To compare deer home ranges with 
unsampled portions of the study area, I selected and 
sampled 16 "random ranges". These simulated the size of 
the deer home ranges (x = 218 ha) delineated in 1986. I
11
constructed a grid overlay on the study area and
determined the coordinates of the center of each area with 
random numbers. The random range had to be habitat 
available to deer, and below 1524 m because none of the 
telemetered deer ranged above this elevation.
Habitat Composition on Deer Ranges and Random Ranges
A systematic random sampling scheme was designed for
2
each range (deer summer, and random). Thirteen 375 m
circular plots (10.9 m radius) were sampled in each range. 
Descriptions of the variables quantified are presented in
Tables 1.1, 1.2, and 1.3. Values for several variables
were obtained from general reconnaissance: habitat type
(Pfister et al. 1977), successional stage, ecotone status,
dominant overstory species, dominant shrub species, and 
dominant forb species. Edge was considered present if 
there was a change in successional stage visible from
plot center. Dominance referred to relative abundance 
(frequency) for overstory species, and canopy coverage for 
shrub and forb species. Percent overstory canopy coverage 
and percent canopy cover for the 3 dominant shrub and forb 
species were visually estimated. All trees within the 
plot were tallied by species according to size (sapling:
2.5-10 cm; pole: 11-30 cm; and mature: >30 cm). The
number of standing dead trees in the plot were also
12
Table 1.1. Description of habitat structure variables.
Variable Description
SS
1
Successional stage
2
FCC Forest canopy coverage (%)
STHT Stand height (m)
STDI Stand diameter (cm)
SDEN Sapling density (trees 2.5-10 cm in dbh/ha)
PDEN Pole density (trees 11-30 cm in dbh/ha)
MTDEN Mature tree density (trees >30 cm in dbh/ha) 
3
SC Shrub cover (%) 
3
FC Forb cover (%)
SD Standing dead (stems/ha) 
4
DF Deadfall
HC1 Hiding cover at 30.5 m (%)
HC2 Hiding cover at 71.0 m (%) 
5
EP Edge presence
1/Successional stage grouped into: 1) non-vegetated 2) 
seedling/herb 3) shrub 4) sapling 5) pole/sapling 6) 
young mature 7) old growth
2/Percent overstory canopy coverage estimated as: l) 0-
10%; 2) 11-40%; 3) 41-70%; 4) 71-100%
3/Percent coverage of shrubs and forbs estimated as: 1) 0- 
5%; 2) 6-25%; 3) 26-50%; 4) 51-75%; 5) 76-95%; 6) 96-100% 
4/Number horizontal obstructions/30.5 m 
5/Either: 1) present or 2) absent
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Table 1.2. Description of position variables.
Variable Description
s Slope (degrees)
1
AS Aspect
EL Elevation (m)
O
SLPSN Slope position
DRDS Distance to nearest road (m)
DTRL Distance to nearest trail (m)
DHMN Distance to nearest human habitation (km)
DWS Distance to nearest standing water (m)
DWR Distance to nearest running water (m)
1/Aspect grouped into: 0) level/rolling 1) north 2)
northeast 3) east 4) southeast 5) south 6) southwest 7) 
west 8) northwest
2/Slope position grouped into: 1) level 2) lower slope 3)
mid-slope 4) upper slope 5) ridgetop
14
Table 1.3. 
variables.
Description of tree density (stems/ha)
Variable Description
SAP1
1
Lodgepole pine sapling density
SAP 2 Douglas-fir sapling density
SAP3 Larch sapling density
SAP 4 Spruce sapling density
SAP5 Subalpine fir sapling density o
SAP7 Hardwood sapling density
P0LE1 Lodgepole pine pole density
POLE2 Douglas-fir pole density
P0LE3 Larch pole density
P0LE4 Spruce pole density
P0LE5 Subalpine fir pole density
P0LE7 Hardwood pole density
A
MAT1
H
Mature lodgepole pine density
MAT 2 Mature Douglas-fir density
MAT 3 Mature larch density
MAT 4 Mature spruce density
MAT 5 Mature subalpine fir density
MAT 7 Mature hardwood density
1/Saplings = 2.5-10 cm dbh
2/Hardwoods include aspen, black cottonwood, and white
birch
3/Poles = 11-30 cm dbh 
4/Mature trees = >30 cm dbh
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tallied. One representative tree of each dominant
overstory species was measured for height using a 
clinometer, and for dbh (diameter breast height) using a 
dbh tape. Hiding cover was evaluated by averaging the 
percent coverage estimates of a person standing at 30.5 m
and 61 m in the 4 cardinal directions from plot center.
Deadfall was quantified by averaging the number of 
horizontal obstructions encountered between 0.3-1.5 m
above ground within 30.5 m of plot center in the 4 
cardinal directions. Elevation, aspect, percent slope, 
siope position, and distances to the nearest road, trail, 
human habitation, and water (standing and running) were 
estimated on 7.5 minute USGS topographic maps.
Habitat Selection Within The Home Range
Harmonic mean measures were used to delineate areas of 
animal activity within the home range using McPaal (Stuwe 
and Blohowiak n.d.). The harmonic home range system (Dixon 
and Chapman 1980) computes contours of animal activity 
which can define areas of any shape, and are related 
directly to the intensity of activity. A 60% contour 
identifies a core area where an animal can be found 
approximately 60% of the time. The program plots its 
contours with reference to a grid system, the density of
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which must be specified to run the program. An overlaying 
25x25 grid density was used with the radio location data to 
generate 60ft contour lines for each deer (n=16). A dense 
grid system gives higher resolution that more clearly 
defines compact centers of activity. Habitat composition 
within deer core areas were compared to habitat composition 
outside core areas within the home range defined by the 
minimum convex polygon method. Core areas were plotted to 
scale, and overlaid upon the systematic sample developed 
for each deer home range. Sample plots within the 60ft 
contour were used to describe the habitat of core areas, 
those outside to describe habitat within the home range but 
outside the core areas.
Data Analysis
Habitat composition was analyzed by pooling all deer 
and random data by individual home range and random range, 
respectively. Plot level analysis is probably too fine a 
scale for estimating deer habitat selection. Analysis on 
a range level appears to be more appropriate because deer 
use a relatively large area, and it is not known whether 
radioed deer ever visited the sample point. At this scale, 
habitat is assessed based on relative deer use rather than 
site use. Habitat selection within the home range was 
analyzed by grouping the habitat data by area (core and
17
non-core areas). To assess normality, I obtained frequency 
distributions (SPSS 1983) of each variable. Data screening 
revealed that distributions of several variables were 
skewed. These variables were transformed before analysis.
Differences in habitat variables between deer ranges 
and random areas were initially examined using Student's t- 
tests.. Stepwise discriminant function analysis (DFA) 
(Norusis 1985) was used to identify those variables that 
best separated deer home ranges from random areas. 
Discriminant models were developed using a 2-stage 
procedure. In the first step, variables were classified 
into 3 subgroups - structure (Table 1.1), position (Table 
1.2), or tree density (Table 1.3). Discriminant models 
were developed for each subgroup to identify the most 
important discriminating habitat components. Each subgroup 
model was limited to 3 variables for selection into the 
model. The second stage of the analysis was to develop a 
model based collectively upon those variables selected from 
each subgroup. This procedure defined the linear 
combination of habitat and physical feature variables that 
would best separate the 2 groups (deer range vs. random 
range, and core vs. non-core areas). Variables were 
included in the stepwise analysis based upon the criteria 
of maximizing the Mahalonobis distance between groups. 
Except where noted, a variable was considered for entry 
into, or removal from, the model if the probability of its
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F-ratio was less than or equal to 0.15, respectively 
(Norusls 1985, Easter-Pilcher 1987).
Discriminant analysis is a useful technique for 
identifying important variables. However, interpretation 
of results obtained from discrete and binary data can be 
difficult because multivariate statistics often assume data 
are continuous. For this reason, categorical variables 
were also analyzed with chi-square procedures. This 
combination of analytical procedures aids in overcoming 
limitations within each analysis, and may provide further 
insights into the composition of the investigated system. 
Chi-square goodness-of-fit tests were used to determine if 
successional stages, habitat types, edge, slope position, 
and aspect were used in proportion to their availability. 
If significant differences occurred, selection for or 
avoidance of individual classes for each variable was 
determined (Neu et al. 1974).
Prominence Values were calculated for individual shrub 
and forb species (Stringer and LaRoi 1970, Bentz and 
Woodward 1988). This is an index of "commonness" obtained 
by multiplying the average abundance (canopy coverage) of a 
species on all plots by the square root of its percent 
frequency of occurrence on plots. Prominence values were 
used because they take into account both abundance and 
distribution. Nonparametric rank correlation (Spearmans) 
analyses were used to determine if prominent shrub and forb
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species differed between deer ranges and random areas, and 
between core and non-core areas. The null hypotheses being 
tested were that prominent shrub and forb species were 
independent based on the order (ranks) of the observations 
between groups. All t-tests, chi-square analyses, and rank 
correlation tests were considered significant at P < 0.10.
RESULTS
Habitat Composition of Deer Ranges and Random Areas
Six hundred ninety-one radio locations were used to 
define 16 female white-tailed deer summer home ranges; home 
ranges had a mean size of 212 ha (Appendix A). A total of 
208 points were sampled on the ground in 16 deer home 
ranges, and 208 points were sampled in 16 random areas. 
Large standard deviations associated with most of the 
structure (Table 1.4), position (Table 1.5), and tree 
density (Table 1.6) variables indicate that the means 
encompassed great variability.
Three variables (successional stage, forb cover, and 
deadfall) met the selection criteria for inclusion into the 
DFA, and were entered into the structure model. With the 
exception of forb cover, the univariate t-test was 
significant for each variable selected (Table 1.4). The 
discriminant model for structural variables correctly
20
Table 1.4. Structure characteristics of white-tailed deer
summer ranges and random areas in northwestern Montana.
1
Variable
Deer Rancje (n=16) Random (n=16}_
2
Sig.Mean SD Mean SD
FCC { % ) 46 .4 18 . 3 54.1 16 . 8 -
STHT (m) 18.6 3.8 20. 5 3 . 4 -
STDI (cm) 22.4 5 . 9 24.4 6 . 9 -
SDEN (stems/ha) 301 . 2 263 . 4 389.0 352 .9 -
PDEN (stems/ha) 103 . 2 83 .5 120 . 7 90 . 6 -
MTDEN (stems/ha) 13.9 9 . 6 19.3 13.4 -
SC (*) 66 . 8 15.9 69 .5 11.0 -
PC (*) 55.8 18.6 49.7 16.7 -
SD (stems/ha) 47.8 46 . 8 62.5 64 . 1 -
DF 2 . 2 0.7 3.0 1 . 2
HC1 (*) 82.3 11.1 81 . 1 10. 1 -
HC2 (*) 95.9 4.9 97.3 3.8 -
IWariable abbreviations are defined in Table 1.1 
2\Univariate t-test; ** = P < 0.0.5, * = P < 0.10
21
Table 1.5. Position characteristics of white-tailed deer
summer ranges and random areas in northwestern Montana.
1
Variable
Deer Ranoe (n=16) Random (n=16)
2
Sig.Mean SD Mean SD
EL (m) 1191.9 66.0 1214 . 1 76 . 7 -
S (X) 12.1 8.1 16.7 9 . 1 -
DRDS (m) 2243.1 3931.4 2373 . 4 2603 . 2 -
DTRL (m) 1530.9 959. 4 1653.9 1192 . 7 • -
DHMN (km) 4 . 3 3.0 4 . 3 2 . 1 -
DWS (m ) 3539.9 2747.4 2934.2 2218 . 8 -
DWR (m) 222 . 8 142 . 6 379 . 1 205 . 7 * *
l\Variable abbreviations.are defined in Table 1.2 
2\Univariate t-test; ** = P.< 0.05, * = P < 0.10
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Table 1.6. Tree density characteristics (stems/ha) of
white-tailed deer summer ranges and random areas in
northwestern Montana.
1
Variable
Deer Ranae (n=16) Random 3 II t-* 05
2
Sig.Mean SD Mean SD
SAP1 105.7 235.7 108. 5 224.3 -
SAP2 6.5 15 . 2 35 .3 41.2 * #
SAP 3 18 . 3 28. 3 39. 5 74 . 9 -
SAP4 102 . 3 130 . 4 104 .8 128.0 -
SAP 5 58. 0 43 . 4 88.6 108 . 5 -
SAP7 4 . 3 8 . 2 2 . 1 3 . 8 -
P0LE1 38. 1 60. 5 34.9 39. 3 -
P0LE2 1 . 8 3 . 4 12.4 17 . 3 * *
P0LE3 6.8 9 . 8 15 . 7 30. 5 -
P0LE4 26.9 12.7 29.2 18.8 -
P0LE5 27 . 4 29 . 5 24.7 25.4 -
P0LE7 1 . 2 1 . 7 2.0 7.2 -
MAT1 0 . 3 0.5 0.2 0.8 -
MAT2 1 . 6 1 . 3 4 . 1 3 . 2 *
MAT 3 3 . 6 4.0 7.3 7.7 -
MAT4 6.3 6 . 2 5.9 5.5 -
MAT 5 1 . 8 2 . 4 1 . 1 3.2 * *
MAT 7 0.1 0 . 3 0.3 0 . 6 -
l\Variable abbreviations are defined in Table 1.3 
2\Univariate t-test;.** = P < 0.05, * = P < 0.10
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classified 90.6% of the cases. All of the incorrect
classifications resulted from deer ranges being classified
as random areas.
Chi-square analysis revealed that deer ranges were
composed of different successional stages than random 
2
areas (X =31.97, d.f. =4, P < 0.01). Home ranges
contained significantly more seedling/herb, shrub, and
sapling communities (Table 1.7). Edge was significantly
2
more prevalent on deer ranges (X =8.38, d.f. =1, P <
0.01, Table 1.7) .
Distance to the nearest running water, slope, and
distance to the nearest road, were the 3 discriminating
variables selected into the position model. Distance to
the nearest running water was the only variable that had a
significant univariate t-test (Table 1.5). The
discriminant model for positional variables correctly
classified 84.4% of the cases.
Deer home ranges differed from random areas with
2
respect to slope position (X =7.38, d .f. = 3, P < 0.06),
2
and aspect (X = 14.01, d.f. =4, P < 0.01). Deer
ranges, relative to random areas, tended to be located in 
valley bottoms (Table 1.8), and contained significantly 
more gentle topography and less western aspects (Table 
1.9).
Three variables, Douglas-fir pole and sapling 
densities, and hardwood pole density, aided in
24
Table 1.7. Percentage of successional stages, and 
percentage of sample points having edge In white-tailed 
deer summer home ranges and random areas in northwestern 
Montana.
Variable
Deer Range 
(n=208)
Random Areas 
(n=208)
1
Sig.
Successional Stage:
Seedling/herb 4.3 0.0 * *
Shrub 15.9 5 .8 * *
Sapling 19.2 10.6 *
Pole 46 . 2 65 . 8 -
Mature 14.4 17 . 8 -
Edge presence 36 . 5 23 . 1 * *
l\Differs significantly from random areas; ** = P < 0.05,
* = P < 0.10; Bonferoni Z tests for successional stages 
and chi-square for edge presence
Table 1.8. Percentage of white-tailed deer summer home 
ranges and randomly selected areas placed on various slope 
positions in northwestern Montana.
Slope Position
Deer Range 
(n=208)
Random Areas 
(n=208)
1
Sig.
Valley bottom 48.6 35 . 6 -
Lower slopes 38.9 48. 1 -
Mid-slopes 10. 1 12.5 -
Upper slopes 2 . 4 3 . 8 -
l\Bonferoni Z tests differ signicantly from random areas;
** = P < 0.05, * = .P < 0.10
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Table 1.9. Percentage of white-tailed deer summer home 
ranges and randomly selected areas placed on various slope 
aspects in northwestern Montana.
Aspect
Deer Range 
(n=208.)
Random Areas 
(n=208)
1
Sig.
NW-N-NE 15.0 18 . 2 -
NE-E-SE 17.7 14 . 6 -
SE-S-SW . 20. 3 23.0 -
SW-W-NW 8 . 7 16.8 * *
LEVEL/GENTLY ROLLING 38 . 3 27 .4 * *
l\Bonferoni Z tests differ significantly from random areas;
** = P < 0.05
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discriminating between groups in the tree density model. 
Hardwood pole density was the only variable in the model 
that was not significantly different between the groups 
when considered alone. Densities of mature Douglas-fir and 
subalpine fir were significantly different between deer and 
random ranges (Table 1.6), but were not included in the 
tree density model. The model correctly classified 87.59a 
of the cases.
I then combined the variables selected from each 
habitat subgroup to identify the most important variables 
that differ between deer ranges and randomly chosen areas. 
Douglas-fir pole and sapling densities, successional stage, 
and distance to the nearest running water were the most 
important discriminating variables between deer ranges and 
random areas. The combined groups model correctly 
classified 90.695 of the cases.
By viewing the standardized discriminant function 
coeffecients of each of the variables within the model and 
its relative magnitude, the importance of each variable to 
the overall function may be assessed. Thus, white-tailed 
deer home range composition when contrasted with random 
habitat may be described as areas with earlier successional 
stages, nearer to running water, and less Douglas-fir 
saplings and poles/ha. Deer ranges were also characterized 
by being located nearer to roads, having gentler slopes, 
less deadfall, higher forb cover, and more hardwood
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poles/ha (Table 1.10).
Approximately .60% of the study area was_dominated by 
phases of the subalpine fir/beadlilly habitat type (Table
1.11). Habitat types on deer ranges were not found in
2
proportion to their occurrence on random areas (X = 54.40, 
d.f. = 7, P < 0.01). Habitat types characteristic of moist 
sites predominated on deer range. Deer ranges were 
composed of significantly more riparian/wet meadow 
communities, subalpine fir/beadlilly-wild sarsaparilla, and 
subalpine fir/beadlilly-menziesia habitat types (Table
1.11). Random areas had signficantly more subalpine 
fir/beadlilly-dwarf huckleberry.
Prominent plant species composition varied between 
deer ranges and random areas (Tables 1.12 and 1.13). 
Prominent shrub species were independent between areas 
(Spearmans correlation coefficient = 0.20, P = 0.53),
indicating that prominent species were different on deer 
ranges. Serviceberry (Amelanchier alnifolia, willow, and 
blue huckleberry (V. qlobulare) were more abundant on deer 
range. Conversely, twinflower, thimbleberry, and dwarf 
huckleberry (V. ceaspitosum) were more prevalent in random 
areas. Comparison of the ranks of forb species indicated 
that prominent species were also independent between areas 
(Spearmans correlation coefficient = 0.41, P = 0.19).
Yarrow (Achillea millefolium), wild sarsaparilla, fireweed 
(Epilobium angustifolium), and false miterwort were more
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Table 1.10. Summary of important white-tailed deer summer 
habitat components in northwestern Montana derived using 
discriminant function analysis.
1
Variable
2
Coefficient Deer Summer Range Has:
Structure Model :
SS 0. 896 earlier successional stages
FC -0.652 higher forb cover
DF 0. 583 less deadfall
Position
3
Model :
DWR 0 . 872 nearer to running water
S 0.676 gentler slopes
DRDS 0. 463 nearer to roads
Tree Density Model:
P0LE2 0. 630 less Douglas-fir poles/ha
SAP2 0. 523 less Douglas-fir saplings/ha
P0LE7 -0.463 more hardwood poles/ha
Combined Groups Model:
P0LE2 0. 562 less Douglas-fir poles/ha
SAP2 0. 535 less Douglas-fir saplings/ha
SC 0. 529 earlier successional stages
DWR 0.509 nearer to running water
lWariable abbreviations are defined in Tables 1.1, 1.2,
and 1.3
2\Represents standardized canonical coefficient; absolute 
value represents relative importance of variable when 
contrasted with other coefficients 
3\Significance level of F-ratio to enter and to stay in the 
model =0.20
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Table 1.11. Percentage of habitat types found in white­
tailed deer summer home ranges and random areas in
northwestern Montana.
1
Habitat Type
Deer Range 
(n=208)
Random Areas 
(n=208)
2
Sig.
ABLA/CLUN-ARNU 13 . 5 4 . 8 * *
ABLA/CLUN-CLUN 19.7' 29.3 -
ABLA/CLUN-MEFE 14.9 7 . 2 *
ABLA/CLUN-VACA 3.8 19.7 * *
ABLA/GATR
3
5 , 3 8. 2 -
PICEA 9.6 7.2 —
Riparian/Wet Meadow 8 . 2 1 . 4 * *
OTHER 25 . 0 22 . 1 -
l\Series names:
ABLA = Abies lasiocarpa, subalpine fir
PICEA = Picea glauca and P_;_ enqelmanii, white spruce 
and engelmann spruce 
understory species:
ARNU = Aralia nudicaulis, wild sarsaparilla 
CLUN = Clintonia uniflora, beadlilly 
GATR = Galium triflorum, sweetscented bedstraw 
MEPE = Menziesia ferruqinea, menziesia 
VACA = Vaccinium caespitosum, dwarf huckleberry 
2\Bonferoni Z tests differ significantly from random areas;
** = P < 0.05, * = P < 0 . 1 0  
3\Includes PICEA/CLUN-CLUN and PICEA/EQAR habitat types
30
1
Table 1.12. Prominence Values (PV) of the major shrub
species found in white-tailed deer summer home ranges and
random areas in northwestern Montana.
Shrub Species
DeerRange 
(n=16) .
Random
(n=
Areas 
16) .
PV Rank PV Rank
Acer glabrum 20.3 11 27.0 9
Alnus spp. 72 . 6 1 62 . 1 3
Amelanchier alnifolia 64 . 5 2 39 . 7 7
Cornus stolonifera 14 . 3 13 9.0 17
Linnaea borealis 59.8 3 80. 2 1
Lonicera utahensis 14 . 1 14 2 . 6 22
Menziesia ferruginea 20.7 10 35. 6 8
Rosa woodsii 22 . 5 9 16.7 14
Rubus parviflorus 37 . 4 7 77. 6 2
Salix spp. 42 . 4 5 11.3 16
Spiraea betulifolia 23. 4 8 53.0 5
Symphoricarpus albus 41 . 3 6 47. 3 6
Vaccinium ceaspitosum 7.3 18 54. 2 4
V. globulare 45 . 1 4 24.8 10
l\Prominence value = mean cover (%) x V freq. (%), max. =
1,000 (Stringer and LaRoi 1970)
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Table 1.13. Prominence Values (PV) of the major forb
species found in white-tailed deer summer home ranges and
random areas in northwestern Montana.
Forb Species
Deer
(n=
Range 
= 16)
Random
(n=
Areas
16)
PV Rank PV Rank
Achillea millefolium 29 . 3 5 5 . 0 17
Aralia nudicaulis 21 . 5 8.5 11.0 13
Arnica latifolia 90. 7 1 82 . 3 2
Aster spp. 18.3 10 29.0 5
Chimaphila umbellata 5.3 17 10.5 14
Clintonia uniflora 75 . 0 2 83.0 1
Cornus canadensis 40. 6 3 39. 7 3
Epilobium angustifolium 26 . 3 7 15.8 10
Fragaria spp. 27 . 3 6 25 . 5 6
Hieracium albiflorum 5 . 3 17 4 . 9 18
Streptopus amplexifolius 4 . 9 19 19.1 8
Thalictrum occidentale 21 . 5 8.5 37.0 4
Tiarella trifoliata 37 . 5 4 16.5 9
Xerophvllum tenax 16 . 3 11 23. 3 7
l\Prominence value = mean cover ( % ) xJfreq. ( % ) , max. =
1,000 (Stringer and LaRoi 1970)
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prevalent on deer ranges. Asters (Aster spp.), twisted 
stalk (Streptopus amplexifolius), and meadow rue 
(Thaiictrum occidentale) were more prevalent on random 
ranges.
Habitat Selection Within Home Ranges
The variances for most of the structure (10 out of
12), position (6/7), and tree density (11/18) variables for
core areas were less than for non-core areas within the
home range (Tables 1.14, .1.15, 1.16). Thus, white-tailed
deer core areas had a narrower range of structural and
physiographic features than other areas within the home
range. Two variables, pole density and edge presence, met
the selection criteria and were entered into the structure
model. The univariate t-test was significant for pole
density (Table 1.14). When considered alone,, edge was not
2
significant between core and non-core areas (X = 0.62,
d.f. = 1 ,  P = 0.43, Table 1.17). The structural
discriminant model correctly classified 63.995 of the cases.
White-tailed deer did not use successional stages in
2
proportion to their occurrence within the home range (X = 
12.14, d.f =4, P = 0.01). Deer used shrub fields less 
than expected based on availability, and tended to make 
less use of seedling/herb and young-mature vegetation 
communities (Table 1.17). In addition, deer also tended to
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Table 1.14. Structure characteristics of core and non-core
areas within white-tailed deer summer home ranges in
northwestern Montana.
1
Variable
Core (n=55) Non-Core (n=153)
2
Sig.Mean SD Mean SD
FCC (*) 51. 0 32.8 44 . 7 33.2 -
STHT (m). 17 . 6 8.3 18.8 8.4 -
STDI (cm) 20. 3 11.0 22.9 12.0 -
SDEN (stems/ha) 280. 0 279 .9 308 . 9 953 . 8 -
PDEN (stems/ha) 118 . 2 128.5 97.9 147.8 *
MTDEN (stems/ha) 15 . 0 22.9 13.6 20.7 -
sc (as) 67 . 1 23.8 66.7 27 . 2 -
FC { % ) 53 . 9 30.9 56 . 6 27.5 -
SD (stems/ha) 45.9 63.2 48. 1 77.7 -
DF 2 . 2 1 . 5 2.2 1 . 6 -
HC1 ( % ) 82 . 6 18.5 82 . 1 21 . 8 -
HC2 (as) 96 . 8 10.4 95 . 6 13.3 -
. lWariable abbreviations are defined in Table 1.1 
2\Univariate t-test; ** = P < 0.05, * = P < 0.10
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Table 1.15. Position characteristics of core and non-core
areas within white-tailed deer summer home ranges in
northwestern Montana.
1
Variable
Core (n=55) Non-Core {n=l53)
2
Sig.Mean SD Mean SD
EL (m) 1130.5 68. 6 1196.0 74.2 -
S (*) 10.9 13.0 12 . 6 14 . 2 -
DRDS (m) 1233.5 2507.4 2606.0 4147.3 * *
DTRL (m) 188 4.4 1191 .0 1402.3 959 . 2 * *
DHMN (km) 4 . 2 2 . 2 4.3 3.2 -
DWS (m) 3519 .0 2435.9 3547 . 4 2806.2 -
DWR (m) 170. 2 120. 1 241 . 7 245. 1 -
lWariable abbreviations are defined in Table 1.2 
2\Univariate t-test; ** = P < 0.05, * = P < 0.10
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Table 1.16. Tree density characteristics (stems/ha) of
core and non-core areas within white-tailed deer summer
home ranges in northwestern Montana.
1
Variable
Core {n=55) Non-Core (n=153)
2
Sig.Mean SD Mean SD
SAPl 90. 5 228.0 111.3 886. 9 -
SAP2 1. 2 4 . 7 8 . 4 47 . 5 -
SAP3 27.7 75.7 14.9 63 . 5 *
SAP 4 79 . 4 113.3 110. 5 308 . 6 -
SAP5 67 . 7 113.7 54 . 5 98 . 8 -
SAP7 7 . 8 26.3 3.0 26 . 5 *
P0LE1 55 . 2 125 . 7 32 . 1 117.3 *
P0LE2 0 . 2 1 . 8 2 . 4 13.6 •-
P0LE3 4 . 7 14 . 0 7.6 28 . 9 -
P0LE4 27.2 39. 3 27.0 40 . 7 -
P0LE5 30. 2 67.7 26.4 62 . 3 -
P0LE7 0 . 7 3 . 1 1 . 4 6.8 -
MAT1 0.5 2 . 5 0.2 1 . 5 -
MAT 2 1 . 2 4 . 7 1.7 5.4 -
MAT 3 3 . 9 12.1 3.4 10.7 -
MAT4 5 . 9 12 . 1 6 . 4 14.4 -
MAT 5 3.2 8 . 2 1 . 2 5 . 2 * *
MAT7 0.0 0.0 0.1 1 . 1 -
l\Variable abbreviations are defined in Table 1.3 
2\Univariate t-test; ** = P < 0.05, * = P < 0.10
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Table 1.17. Percentage of successional stages, and 
percentage of sample points having edge in core and non­
core areas within white-tailed deer summer home ranges in 
northwestern Montana.
Variable Core 
(n=55)
Non-core 
(n=l53)
1
Sig.
Successional Stage: 
Seedling/herb 1. 3 5 . 2
Shrub 7 . 3 19 .0 *
Sapling 29. 1 15.7 -
Pole 54. 5 43 . 1 -
Mature 7.3 17.0 -
Edge presence 41. 8 34 . 6 -
l\Differs significantly from non-core areas; ** = P < 0.05,
* = P < 0.10; Bonferoni Z tests for successional stages
and Chi-square for edge presence
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make higher use of sapling and pole stands (Table 1.17).
Distance to the nearest trail, slope, and distance to 
the nearest road were the 3 discriminating variables in the 
position model. With the exception of slope, the 
univariate t-test was significant for the variables 
selected (Table 1.15). The positional model correctly
classified 64.9% of the cases.
2
Slope position (X = 3.79, d.f. =2, P = 0.15) and 
2
aspects (X =4.71, d.f. =4, P > 0.25) were not used 
significantly different than random within the home range. 
However, deer tended to -make higher use of lower slopes 
located on northern exposures, and less use of mid/upper 
slopes located on western aspects than expected based upon 
availability (Tables 1.18 and 1.19).
The tree density model contained 3 variables, mature 
subalpine fir density, lodgepole pine pole density, and 
hardwood sapling density, which aided in discriminating 
between groups. All variables selected for entry into the 
model had significant univariate t-tests (Table 1.16). 
Larch sapling density was significant when considered 
alone, but was not included in the model. The tree density 
model correctly classified 62.5% of the cases.
When the selected variables from each habitat subgroup 
were combined, pole density, distance to the nearest trail, 
edge presence, and slope were identified as the most 
important variables for discriminating habitat use (Table
38
Table 1.18. Percentage of core and non-core areas within 
white-tailed deer summer home ranges placed on various 
slope positions in northwestern Montana.
Slope Position Core 
(n=55)
Non-Core 
(n=153)
1
Sig.
Valley bottom 49 .1 48. 4 -
Lower slope 45 .5 36 . 6 -
Mid/upper slopes 5 . 4 15.0 -
l\Bonferoni Z tests differ significantly from non-core
areas; ** = P < 0.05, * = P < 0.10
Table 1.19. Percentage of core and non-core areas within 
white-tailed deer summer home ranges placed on various 
slope aspects in northwestern Montana.
Aspect Core 
(n=53)
Non-Core 
{n=153)
1
Sig.
NW-N-NE 20.9 13.0 -
NE-E-SE 17 . 9 18 . 0 -
SE-S-SW 16.4 21 . 5 -
SW-W-NW 4.5 10.0 -
LEVEL/GENTLY ROLLING 40 . 3 37 . 5 -
l\Bonferoni Z tests differ significantly from non-core
areas; * * = P < 0 . 0 5 ,  * = P < 0 . 1 0
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1.20). The combined groups model correctly classified only 
63.4% of the cases. White-tailed deer selected areas 
characterized by higher pole densities, farther away from 
trails, more edge, and gentler slopes. White-tailed deer 
also selected areas that were closer to roads, and higher 
densities of' mature subalpine fir trees, lodgepole pine 
poles, and hardwood saplings (Table 1.20).
White-tailed deer did not randomly use habitat types
2
within the home range (X = 13.97, d.f. =7, P = 0.05). 
Deer used riparian/wet meadow types significantly less 
than expected based on availability, and tended to make 
higher use of the subalpine fir\beadlilly-menziesia habitat 
type (Table 1.21) .
Prominent shrub species in core areas differed from 
non-core areas. Prominent species were independent between 
areas based on the ranks of shrub species (Spearmans 
Correlation coefficient = 0.35, P = 0.23). Core areas had 
more serviceberry, Utah honeysuckle (Lonicera utahensis), 
menziesia, and grouse whortleberry (V. scoparium), and less 
mountain maple (Acer glabrum), willow, and blue huckleberry 
(Table 1.22). Comparison of the ranks of forb species 
indicated that prominent forbs differed little between core 
and non-core areas (Spearmans correlation cofficient = 
0.48, P = 0.13). Fireweed was more prominent in core areas, 
and yarrow, broadleaf arnica and false miterwort were more 
prominent in non-core areas (Table 1.23).
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Table 1.20. Summary of white-tailed deer habitat selection 
within summer home ranges in northwestern Montana, derived 
using discriminant function analysis.
1 2
Variable Coefficient Core Areas Had:
Structure model :
PDEN 0. 986 higher pole density
EP -0.887 more edge
Position Model:
DTRL -0.810 farther from trails
S 0.619 gentler slopes
DRDS 0 . 445 nearer to roads
Tree Density Model:
STIM5 0. 757 more mature subalpine fir/ha
P0LE1 0. 641 more lodgepole pine poles/ha
SAP7 0.578 more hardwood saplings/ha
Combined Groups Model:
PDEN 0 . 752 higher pole density
DTRL 0 .716 farther from trails
EP -0.473 more edge
S -0.399 gentler slopes
lWariable abbreviations are defined in Tables 1.1, 1.2,
and 1.3
2\Represents standardized canonical coefficient; absolute 
value represents relative importance of variable when 
contrasted with other coefficients
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Table 1.21. Percentage of habitat types found in core and
non-core areas within white-tailed deer summer home ranges
in northwestern Montana.
1
Habitat Type Core 
(n=55)
Non-Core 
(n=153)
2
Sig.
ABLA/CLUN-ARNU 16.4 12 . 4 -
ABLA/CLUN-CLUN 14.5 21 .6 -
ABLA/CLUN-MEFE 25 . 5 11.1 -
ABLA/GATR 
3
7.3 4 . 6 -
PICEA 12.7 8 . 5 —
RIPARIAN/WET MEADOW 1 . 8 10 . 4 * *
TSHE/CLUN-CLUN 1.8 5 . 9 -
OTHER 20 .0 25.5 -
l\Series names:
ABLA = Abies lasiocarpa, subalpine fir
PICEA = Picea qlauca and enqelmanii, white spruce
and engelmann spruce 
TSHE = Tsuqa heterophylla, western hemlock 
understory species:
ARNU = Aralia nudicaulis, wild sarsaparilla 
CLUN = Clintonia uniflora, beadlilly 
GATR = Galium triflorum, sweetscented bedstraw 
MEFE = Menziesia ferruqinea, menziesia 
2\Bonferoni Z tests differ significantly from non-core 
areas; ** = P < 0.05, * = P < 0.10 
3\Includes PICEA/CLUN-CLUN and PICEA/EQAR habitat types
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Table 1.22. Prominence Values (PV) of the major shrub
species found in core and non-core areas within white­
tailed deer summer home ranges in northwestern Montana.
Shrub species
Core 
(n=55)
Non- 
. (n=
Core
153)
PV Rank PV Rank
Acer alabrum 1 . 4 18 13.0 9
Alnus spp. 30.9 2 . 5 38. 3 1
Amelanchier alnifolia 60. 1 1 30. 7 3
Linnea borealis 29.6 4 31 . 5 2
Lonicera utahensis 14 . 8 8 4.9 15
Menziesia ferruqinea 17.9 7 6.3 11
Rosa woodsii 10.9 11 13.7 8
Rubus parviflorus 19.4 6 14.3 7
Salix spp. 11.4 10 21 . 4 5
Spiraea betulifolia 12 . 8 9 9 . 3 10
Svmphoricarpus albus 30.9 2.5 19 . 8 6
Vaccinium globulare 9.1 12 28 . 2 4
V. scoparium 22 . 6 5 4 . 2 17
l\Prominence value = mean cover (&) x V freq. { % ) . max. =
1,000 (Stringer and LaRoi 1970)
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Table 1.23. Prominence Values (PV) of the major forb
species found in core and non-core areas within white­
tailed deer summer home ranges in northwestern Montana.
Core 
(n=55)
Non-
(n:
-Core 
= 153)
Forb species PV Rank PV Rank
Achillea millefolium 5 . 9 11 15 . 5 5
Aralia nudicaulis 13.4 6 7 . 8 9
Arnica latifolia 46 . 3 2 58.3 1
Aster spp. 7.8 10 6.7 12
Clintonia uniflora 58. 1 1 39. 2 2
Cornus canadensis 19,1 4 20. 7 4
Epilobium angustifolium 39.3 3 10.0 7
Fragaria spp. 9.9 7 13.6 6
Thaiictrum occidentale 16.2 5 8.0 8
Tiarella trifoliata 9.5 9 22. 7 3
Xerophyllum tenax 9.8 8 7.4 10
l\Prominence values = 
1,000 (Stringer and
mean cover 
LaRoi 1970)
{%) x 4freq. .<*) . max. =
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DISCUSSION
Methods of estimating habitat selection from 
measurements of usage and availability depend critically on 
the array of habitat components deemed available. Johnson 
(1980) identified a natural ordering of selection 
processes. First-order selection is the physical or 
geographical range of a species. Second-order selection 
determines the home range of an individual or social group 
within the geographic range; and third-order selection 
determines the use of habitats within the home range.
Home Range Selection
More edge and a higher proportion of serai communities 
within white-tailed deer home ranges indicates that 
summering areas are composed of a mosiac of different 
habitats. Leopold (1933:131) was the first to state that 
"... game is a phenomenon of edges". Homogenous mature 
forest stands may lack early serai vegetation, the shrub 
layer, type interspersion, and edge (Franklin et al. 1981) 
in sufficient quantities for deer; however, these areas may 
provide important thermal and hiding (security) cover (Peek 
et al. 1982). Areas of serai vegetation are more likely to 
provide better foraging options for deer (Irwin and Peek 
1983).
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My results were similar to other studies of summer 
habitat use. Leach (1982) reported that diverse stands, 
providing both food and cover in close proximity provided 
high quality summer, deer habitat in the Swan Valley, 
Montana. In the Pend D 1 Oreille Valley, British Columbia, 
summer range selection appeared to be for young serai plant 
communities with a complex mosiac of vegetation types 
including heavy shrub growth, open shrub areas, and dense 
forest (Woods 1984). Kohn and Mooty (1971) stated that 
land containing a good distribution of disturbed areas 
(openings) and young stands provided good summer range for 
deer in Minnesota. White-tailed deer consistently selected 
summer ranges that contained mixed stands, openings, and 
clear-cuts in the heavily forested regions of southeastern 
Canada (Hout et al. 1984).
Deer probably occurred in areas of greater forb cover 
because of forage preferences. Over most of the species' 
range, studies of white-tailed deer feeding habits have 
indicated that green, broad-leaved herbaceous plants make 
up the bulk of deer foods from March to November (Allen 
1968, Drawe 1968, Martinka 1968, Kamps 1969, Sauer 1969, 
Coblentz 1970, Cushwa et al. 1970, Korschgen et al. 1980,
Rogers et al. 1980). Several studies have shown that the
most important factor governing deer use of summer habitat 
was the availability of preferred forage species (McCaffrey 
and Creed 1969, Kohn and Mooty 1971, McCaffrey et al. 1974,
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Larson et al. 1978, Murphy et al. 1986).
Deer made less use of summer ranges having large 
amounts of deadfall, probably because access to these areas 
was restricted. Large portions of the random areas have 
experienced extensive mountain pine beetle infestations. 
Recurrent outbreaks of the pine beetle are a major factor 
affecting the ecological character and dynamics of 
lodgepole pine forests (Waters 1985). Outbreaks, 
especially where trees were dense, have resulted in entire 
stands suffering high tree mortality over large contiguous 
areas. When these trees fall, an increase of dead wood on 
the forest floor occurs. Downfall following infestations 
may hamper access and use by big game (McGregor and Cole 
1985). Logging slash has been shown to limit the 
production and accessibility of preferred forage species 
(Pengelly 1972, Garrison and Smith 1974, Hershey and Leege 
1976). Lyon (1980) found that slash depths greater than 
0.5 m suppressed deer use of openings by at least 50% in 
western Montana.
Riparian areas and moist habitat types located on 
level/gently rolling terrain provide white-tailed deer with 
adequately diverse and productive habitats. Selected 
subalpine fir/beadlilly-wiId sarsaparilla and subalpine 
fir/beadlilly-menziesia habitat types, and wet
meadow/riparian communities are characteristic of moist 
environments on benches, gentle slopes, and along moist
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bottomlands bordering streams in northwestern Montana 
(Pfister et al. 1977). Habitat types that deer selected
contained a wide variety of summer foods in the understory. 
Deer made less use of drier western exposures and well- 
drained uplands, often found on steeper slopes. The 
subalpine fir/beadlilly-dwarf huckleberry habitat type, 
characteristic of relatively dry, low elevation benches 
(Pfister et al. 1977) was found in significantly lower
proportions on deer ranges than on random areas.
Similar findings were reported in the Swan Valley; 
habitat types characteristic of cool, moist sites 
predominated, and dry topographic features with low 
diversity were avoided. (Leach 1982). In northern Idaho, 
Owens (1981) found that summer habitats were primarily 
located in mesic grand fir (Abies grandis)/redcedar (Thuja 
plicata) stands. Habitat types occupied during summer were 
primarily redcedar complexes located on flat or gently 
sloping valley bottoms in British Columbia (Woods 1984).
Moist habitat types commonly occur adjacent to rivers, 
streams, and creeks (Pfister et al. 1977). Deer ranges 
were located closer to running water, indicating selection 
for riparian areas. Similar results were found in the 
Swan-Clearwater region of northwestern Montana: adult
white-tailed deer summer ranges contained significantly 
more riparian habitats than were present on random areas 
(Leach 1982). Close proximity to lakes, ponds, streams, or
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small springs was the only habitat feature common to most 
or all summer home ranges there (Slott 1980). Woods (1984) 
noted that abundant water was available on most deer summer 
ranges in British Columbia. Several other investigators 
have noted that white-tailed deer are restricted largely to 
bottomlands with heavy dense vegetation in the northern 
Rockies (Allen 1968, Kramer 1972, Prescott 1974, Mundinger 
1984, Compton 1988). Kohn and Mooty (1971) reported a 
significant avoidance of lowland areas by deer in 
Minnesota. However, Smith (1982) noted a significant 
inverse correlation between monthly precipitation and the 
occurrence of Columbian white-tailed deer (0. v. leucurus) 
within riparian habitats. Western habitats are generally 
drier than eastern habitats, and this may explain why deer 
select riparian areas in the West.
Changes in plant phenology and the presence of lush 
growth throughout the season may have contributed to the 
selection of riparian areas. There is great variability in 
both the size and vegetative complexity of riparian zones 
because of the many combinations possible between physical 
and biological characteristics (Thomas et al. 1979a), thus 
creating very diverse habitats.
Others have noted that white-tailed deer use water as 
an antipredator strategy. During summer, a deer closely 
pursued by wolves often will head for open water, where it 
will try to swim away (Pimlott et al. 1969, Mech 1970).
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Hoskinson and Mech (1976) reported higher survival of 
radio-tagged animals in Minnesota appeared to be related to 
the fact that most summer ranges were located along major 
waterways where deer could escape wolves. Although deer 
did not require water for escape in the Southeast, they 
usually selected swamps or other bodies of water when being 
chased by hunting dogs (Sweeney et al. 1971) .
Many of the roads in the study area have been built on 
the relatively gentle terrain within the riparian zone. 
This relationship probably accounts for the close proximity 
of deer ranges to roads. Road corridors may also provide 
openings in otherwise continuous canopies where forage 
plants can be found.
White-tailed deer summer ranges had less Douglas-fir 
and more hardwoods than random areas. Douglas-fir is 
typically associated with well-drained mountain slopes and 
valleys, while hardwood (black cottonwood, aspen fPopulus 
tremuloides1, and white birch [Betula papyrifera]) 
communities typically occur at lower elevations in 
relatively wet areas (Pfister et al. 1977). It seems 
unlikely that deer use of these riparian areas is due to a 
preference for a highly desired plant species. Many of the 
prominent shrub and forb species (Tables 1.12 and 1.13) are 
not considered primary forage species; rather, prominent 
species are characteristic of deer-selected cover and 
forest habitat types, respectively. Beadlilly, bunchberry.
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broadleaf arnica, and twinflower are indicative of the 
subalpine fir/beadlilly habitat type (Pfister et al. 1977). 
Serviceberry, yarrow, and fireweed are commonly found in 
and around openings and young serai communities. Other 
species more prominent on deer-selected areas include alder 
and willow, indicative of riparian habitats; and blue 
huckleberry, tiarella, Utah honeysuckle, and wild 
sarsaparilla, species largely restricted to moist woods.
Habitat Selection Within The Home Range
White-tailed deer selected areas with higher pole 
densities in association with an edge. Pole-timber stands 
probably provide better hiding cover than mature stands due 
to lower limbs and greater tree density (Irwin and Peek 
1983). However, this association may also be a function of 
a cover-forage relationship. The fact that deer selected 
edge habitats within the home range, in addition to the 
knowledge that deer ranges characteristically had more edge 
than random areas, stresses the importance of diversity to 
white-tailed deer. The important quality of an edge may be 
the close proximity of different habitats, or the greater 
richness of border vegetation, or both (Thomas et al. 
1979b). Communities providing both cover and forage were 
more heavily used by Columbian white-tailed deer than were 
communities providing cover or forage alone (Suring and
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Vohs 1979). Deer preferentially use edge habitats between 
logged and mature forest cover (Willms 1971, Hanley 1983, 
Williamson and Hirth 1985). Reynolds (1966a,b) reported 
slightly higher deer use along borders of forest openings. 
Clark and Gilbert (1982) noted that deer densities were 
highest in edge areas, which had significantly more 
vegetative species than non-edge habitats.
Seasonal use of openings may explain the 
underrepresentation of serai communities (foraging areas) 
in core areas. McCaffrey and Creed (1969) documented 
spring and fall use of openings in northern Wisconsin. 
They postulated that the seasonal nature of opening use by 
deer was likely related to both plant phenology and deer 
physiology. Openings green-up early in the spring and 
again in fall, offering a lush source of forage. Most of 
the radio locations in this study were obtained during the 
summer period, a period when plant palatability and forage 
value decline in openings (Stoddard et al. 1975),
accompanied by an increase of more succulent forage within 
the forest (McCaffrey and Creed 1969).
Habitat selection within the home range was also 
influenced by human activities. Core areas were located 
farther from trails, and closer to roads than non-core 
areas within the home range. Perhaps deer were more 
sensitive to disturbances associated with direct human 
presence than to moving traffic. Mule deer in. Wyoming
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showed the most aversion to people walking, and showed less 
concern for stopped vehicles and moving traffic (Ward et 
al. 1980). Despite home ranges and core areas within home
ranges being located close to roads, their importance is 
probably indirectly related to white-tailed deer habitat 
selection. However, road corridors probably do provide 
important edge habitats in the dense coniferous forests of 
the study area where deer can can find preferred forage in 
close proximity to cover. Additionally, most of the data 
in this study were obtained from an unhunted population. 
Studies of white-tailed deer responses to vehicles (Behrend 
and Lubeck 1968) suggested that unhunted populations are 
more apt to habituate to these disturbances than are hunted 
populations.
Topography influenced white-tailed deer use to a 
lesser degree than habitat structure and human activity. 
However, second and third order habitat selection revealed 
a preference for gentle slopes. Habitat partitioning with 
mule deer may have precluded use of steeper slopes by 
white-tailed deer. Where these species occupy the same 
general area, they may be ecologically segregated in their 
choice of habitats (Baker 1984). Typically, mule deer 
occupy steeper slopes associated with rough, broken terrain 
and montane forests (Mackie 1981).
Yet, at lower elevations on gentle slopes white-tailed 
deer exhibited a tendency to seek out subalpine
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fir/beadlilly-menziesia habitat types often located on 
northern exposures at both the secondary and tertiary 
levels of selection. This study was undertaken during 2 
relatively hot, dry summers, and deer probably made use of 
these areas because of the cool, moist environment.
Deer used home ranges, as well as core areas within home 
ranges located on dry western aspects less than expected 
based upon avialability, which also infers the importance 
of these cool, moist environments. The lack of statistical 
significance at the tertiary level may underestimate the
value of these habitats; in addition to providing lush
vegetation, these areas may provide important thermal
cover. However, deer may not use them on a daily basis, or 
may only use them for short periods during the hottest part 
of the day. Hyperthermal environments result in increased 
energy expenditures by the animal in order to maintain 
normal metabolic processes (Moen 1973); cool environments 
help reduce this energy flux.
Similar findings have been reported in northern Idaho. 
Owens (1981) found that deer selected mesic sites during 
summer in the grand fir/pachistima (Pachistima myrsinites) 
and redcedar/pachistima habitat types; and Shaw (1962) 
noted a strong preference for north and east facing slopes 
of the cedar/pachistima habitat type during the months of 
July and August.
Vegetation characteristics are more difficult to
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explain. While second-order habitat analysis revealed 
vegetative parameters indicative of preferred cover types, 
third order vegetative parameters emphasize the importance 
of edge habitats within these areas. Vegetative parameters 
appear to further advance the idea of a cover-forage 
relationship. Deer home ranges (second-order selection) 
characteristically had higher proportions of serai 
communities than random areas. Lodgepole pine is often a 
major component of transitional serai communities (Pfister 
et al. 1977). These stands are typically extremely dense
(Fiedler 1986), thereby offering dense hiding cover. 
Hardwood (black cottonwood and aspen [P. tremuloides1) 
saplings commonly grow around the edges of mesic openings. 
Serviceberry and fireweed, species generally considered 
important forage plants (Rogers et al. 1981), are common
components of serai communities and edge habitats in 
northwestern Montana. Thus, selected areas within summer 
home ranges had an abundance of forage as well as cover; 
this arrangement of habitat components commonly . occurs 
along edges between different forest communities.
Population density, social relationships, and 
predation, not evaluated in this study, probably are also 
important in determining habitat selection. Where wolves 
and deer occupy the same areas, Nelson (1979) concluded 
that home range location, and therefore, habitat 
availability is determined more by early social experience,
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learning, and tradition than by some innate ability to 
select the best habitat. Nelson and Mech (1981) suggested 
that home range location may be intimately related to 
defense against wolf predation. Deer that possessed summer 
ranges along edges of wolf pack territories or along major 
waterways survived longest, and selection favored deer 
returning to these secure areas (Hoskinson and Mech 1976).
Cover characteristics may not be an important 
influence on wolf/deer interactions. Habitat analysis by 
Rogers et al. (1980) found no difference between the
centers of the pack territories and the edges for dominant 
tree species, shrub density, overstory density, overstory 
height, or browse species.
Currently, the most accurate generalization one can 
make about wolf/deer interactions in relation to habitat is 
that it is highly variable (Mech 1984). At this time, 
adult white-tailed deer in northwestern Montana do not 
appear to exhibit habitat related anti-predator strategies 
found by other researchers. No doubt coyotes (Canis 
latrans), bears (Ursus spp.), and mountain lions (Felis 
concolor) have little trouble catching fawns, but these 
carnivores must first find them. White-tailed deer does 
with young fawns tend to restrict their movements 
considerably, space themselves out, and become solitary 
(Nelson and Mech 1981, Ozoga et al. 1982). This behavior
reduces the chance of fawns being discovered by scanning
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and wandering predators, and helps ensure that if a 
predator locates one deer it does not necessarily find them 
all (Nelson and Mech 1981).
This research identified key habitat components of 
white-tailed deer summer range. Until such effects are 
better understood, forest management programs should strive 
to maintain diversity in preferred habitats for white­
tailed deer.
CHAPTER 2
WINTER HABITAT USE OF WHITE-TAILED DEER 
IN NORTHWESTERN MONTANA
Winter is a critical period in the life history of 
white-tailed deer (Odocoileus virqinianus) in the northern 
portion of their range. White-tailed deer winter ecology 
has been widely studied across North America, but the bulk 
of the early literature published was from the eastern half 
of the continent. Winter range selection studies from New 
Brunswick (Drolet 1976), Nova Scotia (Telfer 1967, 1970),
Minnesota (Rongstad and Tester 1969), and Michigan (Ozoga 
1968; Ozoga and Gysel 1972; Verme 1965, 1968, 1973) detail 
the typical winter yarding behavior of these deer and 
described habitat requirements (Moen 1968) and management 
schemes (Verme 1965, Boer 1978).
More recently, western white-tailed deer winter 
habitat selection patterns have been studied (Janke 1977, 
Owens 1981, Mundinger 1984, Woods 1984, Berner 1985, 
Brockmann 1988). In the North Fork of the Flathead River 
(North Fork) area, northwestern Montana, winter habitat use 
has been determined by use of track counts and observations 
(Singer 1979, Jenkins 1985). However, none of these 
studies have addressed the dynamics of home range selection 
in Northwestern Montana as a function of major differences 
in stand structure and topography. Additionally, a unique
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opportunity exists in northwestern Montana to determine the 
role of wolf (Canis lupus) predation on white-tailed deer 
distribution and habitat use. Wolves are becoming 
increasingly common in northwestern Montana (Ream et al. 
1987).
The objectives of this study were to obtain needed 
information on current winter habitat use, while gathering 
the baseline information necessary to estimate, at a later 
date, the impact of wolves on deer winter habitat use.
STUDY AREA
The North Fork study area is located in the Flathead 
River Valley of northwestern Montana (Fig. 2.1). The North 
Fork of the Flathead River flows southeast from British 
Columbia through northwestern Montana, 'where it forms the 
western boundary of Glacier National Park. Lands west of 
the River are a mosaic of Flathead National Forest, Coal 
Creek State Forest,, and private land holdings. Topography 
consists of a series of rolling lowland glacial benches and 
moraines with elevations ranging from 1067-1280 m (Ream et 
al. 1987). The Whitefish and Livingston mountain ranges
form the western and eastern borders of the valley.
The climate of the North Fork is Pacific maritime, but 
is often modified by the movement of cold air masses 
southward from Canada or westward over the Continental
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Fig. 2.1. Location of the study area in the North Fork 
of the Flathead River Drainage, northwestern Montana.
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Divide (Delk 1972). Wright et al. (1983), Jenkins (1985),
and Finklin (1986) have described prevailing climatic 
conditions in the North Fork Valley in great detail. The 
daily minimum and maximum temperatures in January averaged 
-14 C and -2 C. Precipitation averages 59 cm annually, 
with 67% falling between October and April, primarily as 
snow. Total annual snowfall averages 311 cm, and generally 
persists from mid-November to mid-April. Weather data were 
obtained from the Polebridge weather station.
Several authors have described the vegetation of the 
Flathead River Basin (Habeck 1970, Wright et al. 1983,
Jenkins 1985). Dense coniferous forests predominate, with 
lodgepole pine (Pinus contorta) the dominant tree species. 
Many of the older lodgepole stands in the North Fork Valley 
have been under severe attack from the mountain pine beetle 
(Dendroctonus ponderosae), resulting in vast areas of dead 
timber. Major associates of the upland forest include 
western larch (Larix occidentalis), subalpine fir (Abies
lasiocarpa), spruce (Picea spp.), and Douglas-fir
(Psuedotsuqa menziesi i). Understory vegetation is
described in Chapter l.
Spruce, black cottonwood (Populus trichocarpa), willow 
(Salix spp.), alder (Alnus spp.), red-osier dogwood (Cornus 
stolonifera), and wild sarsaparilla (Aralia nudicaulis)
predominate on floodplains and along stream bottoms. Wet 
meadow communities are scattered on the floodplains of the
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North Fork and its larger tributaries. Vegetation includes 
sedges (Carex spp.), rushes (Juncus spp.), and a variety of 
tall shrubs including willows, alder, and alderleaf 
buckthorn (Rhamnus alnifolia).
METHODS
Trapping
Sixteen adult female white-tailed deer were captured 
using single gate deer traps (Clover 1956) during 1986. 
Each deer was fitted with a color-coded collar equipped 
with a radio transmitter. A description of trapping 
methods and equipment is presented in Chapter 1.
Radio Telemetry
Radio locations were obtained by triangulation of 
signal azimuths from the ground (Tester et al. 1964) and, 
when necessary, from a fixed wing aircraft (see Chapter 1). 
Intensive radio tracking was conducted from January to 
April 1986, and December 1986 to April 1987. Radio 
locations were marked on USGS 7.5 minute topographic maps, 
and were usually obtained for each deer every 2-5 days. 
An estimate of telemetry error, measuring the area of the 
polygon created by the intersection of 3-4 signal azimuths,
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averaged 7.3 ha.
Description of Deer Ranges and Random Ranges
Deer Winter Ranges. All radio locations with an error 
less than 40 ha, and all sightings of collared deer were 
used to delineate winter home ranges for each animal. 
Home ranges were defined by the area included within a line 
connecting the outermost locations during the winter period 
(Burt 1943, Evans and Holdenried 1943, Baker 1946, Stickel 
1946, Marchinton and Jeter 1967, Tierson et al. 1986).
Deer were rarely seen on mid/upper slopes (P. Tucker pers. 
commun.), thus, most of the home ranges were irregularly 
shaped. An attempt was made to connect locations that 
would result in the most nearly accurate home range 
estimate. MacDonald et al. (1980) recommended similar 
procedures when telemetry data were supplemented by 
observations. This method allowed considerable discretion 
in drawing home range boundaries according to personal 
knowledge of the habitat and the animals concerned, and is 
consistent with the statement of Burt (1943) that many home 
ranges described by connecting the outlying points give a 
false impression of the actual area covered.
Random Ranges. To compare deer home ranges with unsampled 
portions of the study area, I selected and sampled 16 
"random ranges" (see Chapter 1). These simulated the size
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(x = 218 ha) of the deer home ranges delineated in 1986. 
The study area was defined by the minimum convex polygon 
(Mohr 1947) enclosing all radio and visual locations of 
collared deer obtained throughout the year.
Habitat Composition on Deer Ranges and Random Ranges
Habitat characteristics were determined by
systematically sampling each deer winter and "random"
2
range with 13 375 m circular (10.9 m radius) plots.
Forty-two variables (Tables 2.1, 2.2, 2.3) were measured in 
the field, or on USGS 7.5 minute series topographic maps. 
Variable descriptions are presented in Chapter 1.
Data Analysis
Habitat composition was analyzed by pooling all deer 
and random data by individual deer home range and random 
range, respectively. Differences in habitat variables 
between deer ranges and random areas were initially 
examined using Student’s t-tests. Stepwise discriminant 
function analysis, using a 2-step procedure, was used to 
identify those variables that best separated deer winter 
ranges from random areas (Norusis 1985). In step 1, 
variables were classified into 3 habitat subgroups 
structure (Table 2.1), position (Table 2.2), or tree
64
Table 2.1. Description of habitat structure variables.
Variable Description
SS
1
Successional stage
2
FCC Forest canopy coverage (96)
STHT Stand height (m)
STDI Stand diameter (cm)
SDEN Sapling density (trees 2.5-10 cm in dbh/ha)
PDEN Pole density (trees 11-30 cm in dbh/ha)
MTDEN Mature tree density (trees >30 cm in dbh/ha) 
3
SC Shrub cover (96) 
3
FC Forb cover (96)
SD Standing dead (stems/ha) 
4
DF Deadfall
HC1 Hiding cover at 30.5 m (95)
HC2 Hiding cover at 71.0 m (96) 
5
EP Edge presence
1/Successional stage grouped into: 1) non-vegetated 2) 
seedling/herb 3) shrub 4) sapling 5) pole/sapling 6) 
young mature 7) old growth
2/Percent overstory canopy coverage estimated as: 1) 0-
1096; 2) 11-4096; 3) 41-7096; 4) 71-10096 
3/Percent coverage of shrubs and forbs estimated as: 1) 0- 
596 ; 2 ) 6-2596; 3) 26-5096; 4) 51-7596; 5) 76-95%; 6) 96-10096 
4/Number horizontal obstructions/30.5 m 
5/Either: 1) present or 2) absent
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Table 2.2. Description of position variables.
Variable Description
S Slope (degrees)
1
AS Aspect
EL Elevation (m)
2
SLPSN Slope position
DRDS Distance to nearest road (m)
DTRL Distance to nearest trail (m)
DHMN Distance to nearest human habitation (km
DWS Distance to nearest standing water (m)
DWR Distance to nearest running water (m)
1/Aspect grouped into: 0) level/rolling 1) north 2)
northeast 3) east 4) southeast 5) south 6) southwest 7) 
west 8) northwest 
2/Slope position grouped into: 1) level 2) lower slope 3)
mid-slope 4) upper slope 5) ridgetop
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Table 2.3. 
variables.
Description of tree density (stems/ha)
Variable Description
SAP1
1
Lodgepole pine sapling density
SAP 2 Douglas-fir sapling density
SAP3 Larch sapling density
SAP 4 Spruce sapling density
SAPS Subalpine fir sapling density 
0
SAP7
£.
Hardwood sapling densityq
POLE 1 Lodgepole pine pole density
P0LE2 Douglas-fir pole density
P0LE3 Larch pole density
P0LE4 Spruce pole density
POLES Subalpine fir pole density
P0LE7 Hardwood pole density
A
MAT1 Mature lodgepole pine density
MAT 2 Mature Douglas-fir density
MAT3 Mature larch density
MAT 4 Mature spruce density
MAT 5 Mature subalpine fir density
MAT 7 Mature hardwood density
1/Saplings = 2.5-10 cm dbh
2/Hardwoods Include aspen, black cottonwood, and white
birch
3/Poles = 11-30 cm dbh 
4/Mature trees = >30 cm dbh
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density (Table 2.3), and discriminant models were developed 
for each subgroup. The second step of the analysis was to 
develop a model based collectively upon those variables 
selected from each habitat subgroup. A variable was 
considered for entry into, or removal from, the model if 
the probability of its F-ratio was less than or equal to 
0.10, respectively (Norusis 1985).
The Chi-square goodness-of-fit test and Bonferroni Z 
confidence intervals (Neu et al. 1974) were also used to
determine if categorical variables were used in proportion 
to their availability. Prominence Values were calculated 
for individual shrub species (Stringer and LaRoi 1970, 
Bentz and Woodward 1988). This is an index of "commonness" 
based upon species abundance and distribution. The 
Spearman's rank correlation test was used to determine if 
prominent shrub species differed between deer ranges and 
random areas. All t-tests, chi-square analyses, and rank 
correlation tests were considered significant at P < 0.10.
RESULTS
Three hundred seventy-one radio locations, and 35 
visual locations were obtained during the winters of 1985- 
86 and 1986-87. Winter ranges were defined for 15 female 
white-tailed deer; heme-^anges—had—a—mean—s-i-z-e—o-fĉ 2 05 ha 
(Appendix A). Winter range habitat composition was
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described by sampling 195 points on 15 deer winter home 
ranges during the summer of 1987. In addition, 208 points 
were sampled in 16 random areas to describe available
habitat within the study area. The variances for most of 
the variables (30 out of 34) for winter ranges were less 
than for random areas (Tables 2.4, 2.5, 2.6). Thus, white­
tailed deer used a narrower range of structural and
physiographic features than was available.
In all analyses of deer use versus random areas, 
distances to the nearest road, trail, and human habitation 
were eliminated from further analysis so that they would 
not mask the importance of other variables. These 
variables were eliminated because of inherent biases 
entered into the data because of deer trap-site locations.
Three variables, edge presence, forest canopy 
coverage, and pole density, met the selection criteria and 
were entered into the structure model. With the exception
of pole density, all variables entered into the structure
model had significant univariate t-tests (Table 2.4). 
Stand height, sapling density, and dead standing timber 
density were significant when considered alone (Table 2.4), 
but were not included in the model. The discriminant model 
for structure variables correctly classified 87.1% of the 
cases.
Chi-square analysis revealed that successional stages 
on deer winter ranges were not found in proportion to their
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Table 2.4. Structure characteristics of white-tailed deer
winter ranges and random areas in northwestern Montana.
Deer Range (n=15) Random (n=16)
1
Variable Mean SD Mean SD
2
Sig.
FCC {%) 69 . 4 6.6 54 . 1 16 . 8 * #
STHT (m) 18 . 2 2 . 2 20. 5 3 . 4 * *
STDI (cm) 23 . 6 4.7 24 . 4 6 . 9 -
SDEN (stems/ha) 562 . 4 336 . 3 389.0 352 . 9 * *
PDEN (stems/ha) 94 . 9 28 .,5 120 . 7 90. 6 -
MTDEN (s t ems/ha) 23 . 2 11.1 19.3 13.4 -
SC ($) 66. 4 9.0 69 . 5 11.0 -
FC {%) 43. 2 2.8 49 . 7 16.7 -
SD (stems/ha) 0 . 3 0.5 62.5 64 . 1 * *
DF 2.5 0.9 3.0 1 . 2 -
HC1 (%) 82 . 6 7.0 81.1 10. 1 -
HC2 (*) 96.4 2.3 97 . 3 3 . 8 -
l\Variable abbreviations are defined in Table 2.1 
2\Univariate t-test; ** = P < 0.05, * = P < 0.10
70
Table 2.5. Position characteristics of white-tailed deer
winter ranges and random areas in northwestern Montana.
1
Variable
Deer R;anqe (n=15) Random (n=16)
2
Sig.Mean SD Mean SD
EL (m) 1046 . 8 21 . 6 1214.1 76 . 7 * *
S {%) 12.7 6.7 16.7 9 . 1 -
DWS (m) 4079 .8 1205.5 2934 . 2 2218 . 8 *
DWR (m) 221 . 4 63 . 1 379 . 1 205 . 7 * *
IWariable abbreviations are defined in Table 2.2 
2\Univariate t-test; ** = P< 0.05, * = P < 0.10
71
Table 2.6. Tree density characteristics (stems/ha) of
white-tailed deer winter ranges and random areas in
northwestern Montana.
1
Variable
Deer Range__ ( n=l 5 ) Random _.(n=l61
2
Sig.Mean ■ SD Mean SD
SAP1 128.7 113.0 108. 5 224 . 3 *
SAP2 136 . 4 82 . 5 35.3 41.2 * *
SAP3 79.9 48.9 39. 5 74 . 9 •* *
SAP4 130 . 6 114.7 104 . 8 128 . 0 -
SAP5 64 . 5 95.6 88 . 6 108.5 -
SAP 7 13 . 5 16.2 2 . 1 3 . 8 * *
P0LE1 30 . 6 20. 4 34 . 9 39 . 3 ' -
P0LE2 21 . 1 15.9 12 . 4 17.3 -
P0LE3 15 . 2 10.1 15 . 7 30. 5 1C
P0LE4 13 . 4 9.3 29 . 2 18 . 8 * *
P0LE5 7.7 6. 6 24 . 7 25 . 4 * .
P0LE7 6 .2 7 . 1 2.0 7.2 1c #
MAT1 0.1 0.4 0.2 0.8 -
MAT 2 6 . 7 5 . 1 4 . 1 3 . 2 “
MAT 3 4 .6 3.4 7.3 7.7 -
MAT 4 6 . 2 5.3 5 . 9 5.5 -
MATS 1 . 1 1 . 7 1 . 1 3.2 -
MAT7 4 . 2 6.2 0.3 0.6 * #
lWariable abbreviations are defined in Table 2.3 
2\Univariate t-test; * * = P < 0 . 0 5 ,  * = P < 0.10
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2
occurrence on random areas (X =20.13, d.f. = 3 ,  P <
0.01). Deer winter ranges had significantly more mature
cover-successional types, and significantly less shrub and
pole types (Table 2.7). Edge was significantly more
2
prevalent on deer winter ranges (X =41.65, d.f. = 1, P <
0.01, Table 2.7).
Elevation and slope position were the 2 discriminating
variables entered into the position model. Elevation and
distance to the nearest running water had significant
univariate t-tests (Table 2.5), however, distance to water
was not entered into the model. The discriminant model for
position variables correctly classified 93.6% of the cases.
All deer winter cases were correctly classified. The
misclassifications resulted from random areas being
classified as deer winter range.
White-tailed deer winter ranges differed from random
2
ranges with respect to slope position (X = 51.24, d.f. =
2
4, P < 0.01), and aspect (X = 46.48, d.f. = 4, P < 0.01). 
Deer ranges, relative to random areas, contained 
significantly more valley bottoms, (Table 2.8).
Level/gently rolling areas were significantly more 
prevalent, and southern and western aspects were
significantly less prevalent on deer winter ranges than 
expected (Table 2.9).
Three variables, Douglas-fir sapling density, and 
mature hardwood and spruce tree densities, aided in
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Table 2.7. Percentage of successlonal stages, and 
percentage of sample plots having edge in white-tailed deer 
winter home ranges and random areas in northwestern 
Montana.
Variable
Deer Range 
(■n=195)
Random Areas 
(n=208)
1
Sig.
Successional stage:
Shrub 1 .0 5.8 * *
Sapling 17.4 10 . 6 -
Pole 51 . 3 65 . 8 * *
Mature 30 . 3 17.8 * *
Edge presence 54.9 23 . 1 * *
l\Differs significantly from random areas; ** = P < 0.05,
* = P < 0.10; Bonferoni Z tests for successional stages
and Chi-square for edge presence
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Table 2.8. Percentage of white-tailed deer winter home
ranges and randomly selected areas placed on various slope
positions in northwestern Montana.
Slope Position
Deer Range 
(n=195)
Random Areas 
(n=208)
1
Sig.
Valley bottom 65. 1 35 . 6 * *
Lower slopes 34. 4 48 . 1 * *
Mid/upper slopes 0.5 16.3 * *
l\Bonferoni Z tests differ signicantly from random areas;
* * = P < 0.05, * = P < 0.10
Table 2.9. Percentage of white-tailed deer winter 
ranges and randomly selected areas placed on various 
aspects in northwestern Montana.
home
slope
Deer Range Random Areas 1
Aspect (n=195) (n=2Q8) Sig.
NW-N-NE 12.7 18 . 2 -
NE-E-SE 16.5 14 . 6
SE-S-SW 11.0 23 . 0 * *
SW-W-NW 6.4 16 . 8 * *
LEVEL/GENTLY ROLLING 53.4 27.4 * *
l\Bonferoni Z tests differ significantly from random 
** = P < 0.05
areas;
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discriminating between groups in the tree density model. 
Douglas-fir sapling density, and mature hardwood density 
had significant univariate t-tests (Table 2.6). Larch and 
hardwood sapling densities, and spruce and hardwood pole 
densities were significant when considered alone (Table 
2.6), but were not included in the model. The tree density 
model correctly classified 93.6% of the cases. All of the 
incorrect classifications resulted from random areas being 
classified as deer winter range.
When the selected variables from each habitat subgroup 
were combined, the most important variables for 
discriminating between deer winter ranges and random areas 
were: elevation, edge presence, slope position, and forest
canopy coverage. The combined groups model correctly 
classified all of the cases.
By viewing the standardized discriminant function 
coefficients of each of the variables within the model and 
its relative magnitude, the importance of each variable to 
the overall function may be assessed. Thus, white-tailed 
deer winter home range composition, when contrasted with 
available habitat, may be described as areas with lower 
elevations, more edge, lower slope positions, and higher 
forest canopy coverage. Deer winter ranges were also 
characterized by having lower pole densities/ha, and more 
Douglas-fir saplings, and mature hardwood and spruce 
trees/ha (Table 2.10).
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Table 2.10. Summary of important white-tailed deer winter 
habitat components in northwestern. Montana, derived using 
discriminant function analysis.
1 2
Variable Coefficient Deer Winter Range Has:
Structure Model:
EP 0. 992 more edge
FCC -0.868 higher forest canopy cover
PDEN 0.529 less poles/ha
Position Model:
EL 0.872 lower elevation
SLPSN 0. 394 lower slope positions
Tree Density Model:
SAP 2 1 . 285 more Douglas-fir saplings/ha
MAT 7 0 . 734 more mature hardwood trees/ha
MAT 4 0. 608 more mature spruce trees/ha
Combined Groups Model:
EL 0. 631 lower elevation
EP 0.631 more edge
SLPSN 0.542 lower slope positions
FCC -0.493 higher forest canopy cover
lWariable abbreviations are defined in Tables 2.1, 2.2,
and 2.3
2\Represents standardized canonical coefficient; absolute 
value represents relative importance of variable when 
contrasted with other coefficients
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Habitat types were not found in proportion to their
2
occurrence on random areas (X =69.90, d.f. =7, P < 
0.01). Deer winter ranges were characterized by having 
significantly more spruce and subalpine fir/beadlilly-wild 
sarsaparilla habitat types, as well as significantly less 
subalpine. fir/sweetscented bedstraw and "other" habitat 
types (Table 2.11) .
Prominent shrub species varied between white-tailed 
deer winter ranges and random areas (Table 2.12). 
Prominent shrub species between areas were independent 
(Spearmans correlation coefficient = 0.07, P = 0.82);
indicating that prominent shrubs were different on deer 
ranges. Red-osier dogwood, Utah honeysuckle (Lonicera 
utahensis), woods rose (Rosa woodsii), spiraea (Spiraea 
betulifolia), and snowberry (Symphoricarpus albus) were 
more prominent on winter ranges. Conversely, twinflower, 
menziesia, thimbleberry, blue huckleberry (V. qlobulare), 
and dwarf huckleberry (V. caespitosum) were more prominent 
on random areas.
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Table 2.1i. Percentage of habitat types found in white­
tailed deer winter home ranges and random areas in
northwestern Montana.
1
Habitat Type
Deer Range 
{n=195)
Random Areas 
(n=208)
2
Sig.
ABLA/CLUN-ARNU 19.0 4 . 8 * *
ABLA/CLUN-CLUN 28 . 2 29 . 3 -
ABLA/CLUN-MEFE 2 . 1 7 . 2 -
ABLA/CLUN-VACA 20 . 0 19.7
ABLA/GATR 
3
0.0 8 . 2 * *
PICEA 22 . 6 7 . 2 * *
Riparian/Wet Meadow 0.5 1 . 4 -
OTHER 7.7 22 . 1 * *
l\Series names:
ABLA = Abies lasiocarpa, subalpine fir
PICEA = Picea glauca and P_;_ enqelmanii, white spruce 
and engelmann spruce 
understory species:
ARNU = Aralia nudicaulis, wild sarsaparilla 
CLUN = Clintonia uniflora, beadlilly 
GATR = Galium triflorum, sweetscented bedstraw 
MEFE = Menziesia ferruqinea, menziesia 
VACA = Vaccinium caespitosum, dwarf huckleberry 
2\Bonferoni Z tests differ significantly from random areas;
** = P < 0.05, * = P < 0 . 1 0  
3\Includes PICEA/CLUN-CLUN and PICEA/EQAR habitat types
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1
Table 2.12. Prominence values (PV) of the major shrub
species found in white-tailed deer winter home ranges and
random areas in northwestern Montana.
Shrub Species
Deer
(n=
Range 
:15)
Random Areas 
. (n=l6)
PV Rank PV Rank
Acer glabrum 19 . 7 10 27.0 9
Ainus sop. 25 . 9 6 62 . 1 3
Amelanchier alnifolia 34 . S 3 ' 39 . 7 7
Cornus stolonifera 29 . 1 5 9.0 17
Linnaea borealis 16.8 13 80 . 2 1
Lonicera utahensis 22 . 4 9 2 . 6 22
Menziesia ferruqinea 7.3 17 35.6 8
Rosa woodsii 32.8 4 16 . 7 . 14
Rubus parviflorus 25 . 0 7 77 .6 2
Spiraea betulifolia 108 . 0 1 53.0 5
Symphoricarpus albus 86. 0 2 47 . 8 6
Vaccinium ceaspitosum 24 . 0 8 54 . 2 4
V. globulare 6 . 2 18 24 . 3 10
l\Prominence value = mean cover {%) xyfreq. (%), max. 
1,000 (Stringer and LaRoi 1970)
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DISCUSSION
Winter habitat selection can be discussed at several 
levels. Habitat selection in this study was assessed using 
all habitats available within an area defined by annual 
deer use. Such a comparison gives a general description of 
the type of area selected by white-tailed deer for winter 
range, and has been described as second order habitat 
selection (Johnson 1980}.
Although the statistical models accurately predict 
winter habitats used by white-tailed deer, the results 
obtained in this analysis should be reviewed with caution. 
The animals radioed in this study may not be a random 
representation of the population. Trap-sites were often 
located adjacent to open roads and other access points 
associated with human activities. Access into remote areas 
was virtually non-existent due to accessibility problems. 
Likewise, radio-telemetry work was largely restricted to 
open roads, which may have underestimated the importance of 
some areas. This information is intended to serve as a 
foundation for further analysis and refinement.
Studies of white-tailed deer in the northern Rockies 
(Pengelly 1961, Janke 1977, Slott 1980, Owens 1981, 
Mundinger 1984, Woods 1984, Berner 1985, Brockmann 1988) 
indicate that winter habitat selection is highly labile 
between years and regions, presumably reflecting responses
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to different environmental conditions (Partridge 1978). 
Snow is an integral component of the winter environment, 
and is probably responsible in part for the observed 
differences in habitat selection. White-tailed deer 
experience great difficulty negotiating deep snows because 
of their small body size (Telfer and Kelsall 1979). 
Consequently, they often seek the most favorable 
environments with minimum snow depths (Peek 1984, Jenkins 
1985). Based upon records from'the Polebridge weather 
station, snow depth was shallower than normal during the 
first winter of this study, and closer to normal during the 
second winter (P. Tucker pers. commun.). Habitat selection 
patterns are assumed to reflect this.
Edges in association with dense forest canopy cover 
and lower pole densities/ha may be indicative of broken or 
patchy canopy covers in dense forest stands. This 
arrangement is perhaps best because it offers deer areas of 
dense thermal cover in close proximity to forest openings, 
where food is usually more abundant. Many studies have 
demonstrated that during winter, little use is made of 
forage located far from cover (e.g. Krull 1964, Krefting 
and Phillips 1970, Wetzel et al. 1975, Drolet 1976, Lyon
and Jensen 1980). Several investigators have noted that 
small openings in otherwise dense canopied stands provide 
excellent winter habitat for white-tailed deer (Pengelly 
1961, Drolet 1976, Nelson and Mech 1981, Mundinger 1984,
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Brockmann 1988).
Winter range locations indicated that deer used mature 
forest communities more than expected based on availability 
(Table 2.7). Choice by deer of mature forest cover types 
probably reflected the shelter value of these cover types. 
White-tailed deer typically seek shelter in winter to avoid 
harsh weather conditions (Verme 1968, Verme and Ozoga
1971). Dense coniferous stands intercept snow, reduce
wind, and moderate temperatures (Ozoga 1968). Low snow 
depths under conifers may also enhance the availability of 
browse (Jenkins 1985), and minimize the energy costs of 
feeding (Wickstrom et al. 1984). Similar findings have
been noted by other researchers in the North Fork Valley.
Singer (1979) and Jenkins (1985) reported that during
winter, white-tailed deer selected dense, mature spruce 
stands and other areas where overstory was dense. Many 
other studies have recognized the importance of protective 
shelter to white-tailed deer in the snowy environments of 
the northern Rockies (e.g. Pengelly 1961, Owens 1981, Woods 
1984, Berner 1985, Jenkins 1985, Brockmann 1988).
Although snow depths were not measured by cover type, 
snow depths may have precluded the use of pole stands and 
shrub fields by white-tailed deer. Jenkins (1985) found 
that the accumulation of snow in the North Fork was 
greatest in open-canopied shrub stands, less in lodgepole 
stands, and least in late successional coniferous forests.
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White-tailed deer make greater use of dense coniferous 
cover when snow depths exceed 30-40 cm in open habitats 
(Telfer 1970, Hout 1974, Drolet 1976, Woods 1984). Maximum 
snow depths at the Polebridge weather station were >40 cm 
from January-March during both'winters of this study (P. 
Tucker pers. commun.)
White-tailed deer winter ranges were located at lower 
elevations than the surrounding terrain, with a 
significantly greater representation of valley bottoms 
(Table 2.8), and level/gently rolling terrain (Table 2.9). 
Lesser snow depths and the abundance of preferred browse in 
riparian areas probably made lower elevations favorable for 
deer in winter. Nearly all of the published literature has 
shown that white-tailed deer usually winter at relatively 
low elevations in the northern Rockies (e.g. Niels et al. 
1955; Pengelly 1961, 1963; Martinka 1968; Keay and Peek
1980; Slott 1980; Freedman 1983; Mundinger 1984; Woods 
1984; Berner 1985; Jenkins 1985; Brockmann 1988).
Interestingly, deer used slopes with western and 
southern exposures less than expected based on 
availability. These areas may lack sufficient quantities 
of dense thermal cover, which could result in significantly 
higher convective heat losses due to the direct effects of 
wind (Moen 1973).
More variation in the use of aspects by white-tailed 
deer has been reported in the literature, possibly because
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of local climatic conditions created by existing 
topography. Most researchers have reported winter ranges 
located on south-facing slopes with associated east and 
west aspects (Hosley and Ziebarth 1935; Niels et al. 1955; 
Pengelly 1961, 1963; Boer 1978; Keay and Peek 1980; Slott
1980; Owens 1981; Woods 1984). Others have reported winter 
concentrations on various aspects including north (Janke 
1977, Berner 1985, Seeley 1985, Brockmann 1988).
Vegetation parameters are indicative of deer-selected 
bottomland-floodplain and adjoining upland forest
communities. White-tailed deer selected spruce and sub­
alpine fir/beadlilly-wild sarsaparilla habitat types (Table 
2.11), which are common to the bottomlands of northwestern 
Montana (Pfister et al. 1977). Deer winter ranges were
composed of fewer "distinct" habitat types than random 
areas. Jenkins (1985) reported that winter habitat use by 
white-tailed deer was related more to structural attributes 
of forest overstories than to other factors, which suggests 
that these deer-selected habitat types may confer distinct 
survival advantages.
Deer winter ranges had more mature spruce and 
cottonwood trees/ha, and more Douglas-fir saplings/ha than 
random areas. Forest communities where both spruce and 
cottonwood achieve co-dominance in the overstory canopy 
typically occur in floodplain plant communities. Red-osier 
dogwood, wild rose, and snowberry were common shrub species
85
(Table 2.12) associated with spruce-cottonwood forests
Serai stages of the subalpine-fir/beadlilly habitat 
type (Pfister et al. 1977) occurred on drier sites such as
benches and gentle slopes in the valley bottom. These 
stands had a sparse shrub layer of spiraea and Utah 
honeysuckle, and often had dense understories of Douglas- 
fir regeneration that may have also been an important 
source of winter forage (Martinka 1970, Singer 1979, Hout 
et al. 1984, Wishart 1984, Jenkins 1985).
At the northern limits of its range, white-tailed deer 
show a clear tendency to concentrate in traditional 
wintering areas (Verme 1973, Hout 1974, Drolet 1976, Nelson 
and Mech 1981, Potvin et al. 1981). Commonly, this
behavior is considered as an energy-conserving strategy 
(Verme 1965, Ozoga 1968, Ozoga and Gysel 1972, Moen 1976). 
However, Nelson and Mech (1981) and Messier and Barrette 
(1985) argued that this behavior should also be considered 
an anti-predator strategy.
Nelson and Mech (1981) argued that yarding behavior 
provides several significant anti-predator benefits: 1)
ease of escape along a system of trails within the area; 2) 
improved ability to confuse predators; 3) exposure of more 
vulnerable older individuals; 4) greater ratio of deer to 
predators (thus decreasing relative risk to each individual 
deer); 5) increased vigilance; and 6) increased time for 
feeding and ruminating because of decreased vigilance time.
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Observations of disproportionately heavier predation 
in wintering areas with low deer density (e.g. edges of 
large wintering areas, small outlying wintering areas) are 
common characteristics of deer-wolf interactions (Kolenosky 
1972, Fritts and Mech 1981, Nelson and Mech 1981). 
Mountain lions (Felis concolor) in Idaho also tended to 
prey disproportionately on male deer that lived alone or 
away from does and fawns (Hornocker 1970).
During a major deer decline in the Superior National 
Forest, Minnesota (Mech and Karns 1977), small winter yards 
in wolf territories were the first to vanish (Nelson and 
Mech 1981). The only deer that survived were those that 
had established a migratory tradition that took them to 
large wintering areas, especially those near human 
habitations and/or in wolf pack "buffer" zones (Hoskinson 
and Mech 1976, Rogers et al. 1980, Nelson and Mech 1981).
Nelson and Mech (1981) recommended that winter range 
improvements might minimize the effects of predation. 
Benefits to the deer population would result from decreased 
predation (Seal et al. 1978), and improved fetal condition 
and fawn survival (Nelson and Mech 1981). Habitat 
management along the boundaries of wolf pack territories 
should provide the best results, because deer in those 
areas have a higher survival rate, and may constitute the 
only "true" reservoir populations (Mech 1977).
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APPENDIX A
Seasonal Movements and Home ranges of Female 
White-tailed Deer in the North Fork
The white-tailed deer of the North Fork are migratory 
as are white-tailed deer in other parts of North America 
(Rongstad and Tester 1969, Verme 1973, Drolet 1976, 
Hoskinson and Mech 1976, Nelson 1979, Nelson and Mech 1981, 
Owens 1981, Woods 1984, Mundinger 1984, Tierson et al. 
1985).
As spring progressed, the deer gradually left the 
winter range. Spring migration began in early April with 
the disappearance of snow. Deer moved an average of 10.4 km 
(range 7-26 km) to summer.range. Average distances of 5.6 
- 31 km traveled between summer and winter home ranges have 
been noted elsewhere (Dahlberg and Guettinger 1956, 
Rongstad and Tester 1969, Verme 1973, Meske 1977, Janke 
1977, Slott 1980, Owens 1981, Woods 1984, Mundinger 1984).
Deer from the Big Creek winter range moved east to 
northeast into Glacier National Park (GNP) during spring 
(Fig. A.l). Interestingly, deer wintering within GNP moved 
west and southwest to summer ranges outside GNP (Fig. A.2). 
Although the results were obtained from a comparatively 
small sample size, it appeared that adult deer from each 
wintering area occupied summer ranges in largely exclusive 
areas that had little overlap with those of neighboring
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Fig A.lo Distance and direction of spring migration from 
the Big Creek winter range, northwestern Montana. Each 
line represents data from individual deer.
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Fig. A.2. Distance and direction of spring migration from 
winter ranges within Glacier National Park, northwestern 
Montana. Each line represents data from individual deer.
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winter ranges. Nelson and Mech (1987), working in 
northeastern Minnesota, postulated that the deer from each 
of the winter ranges may represent subpopulations that 
constituted genetic demes. Similar patterns of deer
distribution seem to exist in Michigan (Verme 1973) and
Wisconsin (O'Brien 1976).
All deer occupied summer ranges by late April. Summer 
home range sizes varied from 58 to 476 ha (x = 212 ha, n = 
16) as determined by the minimum convex polygon method 
(Mohr 1947). The number of radio locations/home range 
varied from 15 to 80 (median = 41.5). Average home range
sizes' in the North Fork were similar to home range sizes
(74-471 ha) reported in other studies of white-tailed deer 
in northern climates (Behrend 1966, Heezen and Tester 1967, 
Sparrowe and Springer 1970, Kohn and Mooty 1971, Hoskinson 
and Mech 1976, Janke 1977, Nelson 1979, Slott 1980, Nelson 
and Mech 1981, Owens 1981, Leach 1982, Woods 1984, Tierson 
et al. 1985 ) .
Deer arrived on the winter range in December, probably 
in response to cold temperatures (Verme and Ozoga 1971, 
Verme 1973, Hoskinson. and Mech 1976, Nelson and Mech 1981), 
and increasing snow depths (Drolet 1976, Woods 1984, 
Tierson et al. 1985). Winter home range sizes were not
appreciably smaller than summer home ranges, varying in 
size from 51 to 505 ha (x = 205 ha, n = 15). Winter home 
ranges were determined by a technique similar to the
104
modified mimimum area method (Harvey and Barbour 1965), but 
a knowledge of the habitat and the animals concerned rather 
than a mechanical procedure was used in determining the 
home range boundaries (see Chapter 2). The number of radio 
locations/home range varied from 14 to 41 (median = 20).
These findings were consistent with average home range 
sizes (25-451 ha) in the published literature for white- 
tailed deer in the northern portions of their range (Heezen 
and Tester 1967, Rongstad and Tester 1969, Larson et al. 
1979, Owens 1981, Mundinger 1984, Woods 1984, Berner 1985, 
Tierson et al. 1985).
Deer located during consecutive winters and summers 
returned to the same home ranges each year. With the 
exception of one deer that had a fall range, intermediate 
ranges along migration routes were not observed.
